published evidence indicating that the relative frequencies of multiple births conform to a simple mathematical relationship which may be expressed thus:
The frequency of triplet maternities is equal to the square of the frequency of twin maternities, and the frequency of quadruplet maternities is equal to its cube.
Stated in general terms, if f is the frequency of twin litters, the frequency of litters of size n is equal to fn-1. This expression has since been tested many times. Although discrepancies between predicted and observed values have been noted (Strandskov, 1945) , they appear not to have dispelled belief in the validity of the relationship which, it would appear, has now acquired the status of a ".law".
EXAMINATION OF THE VALIDITY OF HELLIN's LAW
(1) STATISTICAL.-There is, perhaps, little objection to the use of Hellin's law as a crude method of predicting the incidence of multiple births. But its acceptance leads to the inference that triplet production can be understood as the random operation of a second twinning process in a twin conception. In a similar way, quadruplets can be explained as arising from a triplet conception in which further twinning occurs. Representing the frequencies of dizygous and monozygous twin maternities respectively by a and b, we should predict from Hellin's law that the frequency of triplet maternities is (a + b)2. The successive terms of this expression, a2, 2ab, and b2, represent the frequencies of trizygous, dizygous, and monozygous triplets respectively. Hellin's law, therefore, leads us to conclude that trizygous triplets result from a repetition of the process of dizygous twinning, that dizygous triplets represent the simultaneous occurrence of dizygous and monozygous twinning, and that monozygous triplets arise from a repetition of the process of monozygous twinning.
This use of Hellin's law was exploited by Jenkins and Gwin (1940) In the same way, we can use data on the 45 quintuplet maternities assembled from the literature by MacArthur and Ford (1937) . Of the forty sets of known sex, eight were entirely male and eight entirely female, the proportion of like-sexed sets therefore being 40 per cent. The expected proportion is (l + b)4. Equating this expression as before with the observed value (0 4), we obtain 59-1 per cent. for the proportion of monozygous twins.
The (a) Polyovulation.-The above expressions imply that the frequencies of release of two, three, and four ova at one ovulation are respectively a, a2, and a3. From what is known concerning the endocrine control of follicle maturation, it seems unlikely that polyovulation is the chance phenomenon indicated by these terms. The problem is further complicated by occasional liberation of two or more ova from a single follicle (Arnold, 1912) . On the scanty evidence at present available, it is concluded that no judgment on the frequency of human polyovulation is yet possible.
(b) Polyembryony.-Hellin's law implies that the frequency with which two, three, and four embryos may develop from a single zygote are respectively b, b2, and b3. Consideration of the biological justification for these relationships may be assisted by a brief review of contemporary opinion on the mechanism of polyembryony in mammals. Four methods are usually described:
(i) By cleavage of the developing ovum at the morula stage, each half giving rise to a separate embryo with its own chorion and amnion. Some idea of the frequency of this occurrence in man may be derived from the fact that a dichorial condition was found in three out of seven sets of identical twins by Curtius, and in five out of fourteen sets of identical twins by Lassen (cited by Newman, Freeman, and Holzinger, 1937) . It is relevant to the present discussion to enquire whether a second cleavage of the morula, resulting in triplets, is possible. There seems to be no reason for rejecting this possibility on biological grounds, but until a series of sets of trichorionic identical triplets has been collected no opinion on the frequency of this phenomenon can be expressed.
(ii) By fission of the inner cell mass of the blastocyst to produce two blastodisks, resulting in monochorionic diamniotic twins. There is little evidence that this process occurs in man, and still less that it may be repeated to form monozygotic triplets.
(ii) By budding of the blastoderm. This process, demonstrated in Tatusia novemcincta (Patterson, 1913) It may be considered that any attempt to derive a meaningful algebraic expression for the frequency relationships between litters of various sizes is unwise in the present rudimentary state of knowledge of the mechanism of polyovulation and polyembryony. The temptation to obtain a reliable expression is great, since understanding of these phenomena would thereby be advanced considerably. But its formulation is hampered by lack of knowledge of the sex ratio at conception as well as of the relation between pre-natal mortality rates and the size and type of litter. These difficulties are encountered at the outset in derivation of monozygous and dizygous twinning rates by Weinberg's differential method. As a first step in modifying Hellin's law, therefore, attention may be directed most usefully to a critical examination of this method by comparing observed with predicted frequencies of monozygous and dizygous twin births. Physical methods of twin differentiation are now, perhaps, sufficiently advanced to permit this approach.
SUMMARY
According to Hellin's law, if the frequencies of monozygous and dizygous twins are represented by a and b respectively, the expected frequency of triplets will be (a + b)2, of quadruplets (a + b)3, and of litters of size n, (a + b)n-1. Data for triplets and quadruplets born in England and Wales (1938-49) and for quadruplets and quintuplets collected from the literature are shown to be inconsistent with this hypothesis. Biological grounds are also advanced for doubting its validity.
It is suggested that in the present state of biological knowledge an accurate expression relating the frequencies of multiple births is not possible. Solution of the problem may be furthered by a reliable estimate of monozygous and dizygous twin frequencies based on the physical examination of a large series of twin births.
